Abstract. This paper presents an experimental study to assess the capabilities of older adults to interact with multi-touch surfaces. The study involved 100 elderly people between 61-92 years old. We selected two different elderly centres in Madrid, with different characteristics in terms of income level. The "Gesture Games" tool was used because it allows experimenting with the seven more used multi-touch gestures: Tap, Double tap, Long press, Drag, Scale up, Scale down and One-finger rotation. The analysis of the data showed that older adults have total capacity to execute these seven tasks. Some of the tasks, such as "scale down" and "scale up" were found easier for them, while other tasks, such as "double tap" were more difficult.
Introduction and Previous Work
As people age, their cognitive and/or physical abilities start to degrade and could prevent them from properly using a tablet. For this reason is important to study what kind of skills have the elderly people when they use multi-touch superficies such as smartphones, tablets and netbooks [1] . According to Abascal, what older users expect from mobile communications is not very different from what the generic user expects from these services: mostly, fully reliable personal communications and services to improve, as much as possible, safety and quality of life [2] .
There are already several works studying these problems. For example, "Anshin", is a software application for mobile devices to prevent solitary death and to provide a social network. The tool use touch gestures (select and drag) to change the configuration [3] . "Dance! Don't Fall" is an application for elderly people that teach them to dance, in which drag gestures are intensively used. The project senSAVEr is a system that provides a continuous mobile health monitoring service for people with hypertension. The interface was characterized by displays of graphical symbols and animations which contain the possibility to check parameter values [4] using touch gestures. Moderne Kijkbuis' is an entertainment application for elderly with physical and/or cognitive impairments in which the elderly had major difficulties pressing two dimensional buttons with basic touch gestures [5] .
This paper presents an experimental study to assess the capabilities of older adults to interact with multi-touch surfaces.
Experimental Study
The overall objective of this experimental study was to identify the skills of elderly adults to handle tablets with suitable gestures, taking into account their limitations, in order to determine the best suited to applications for this population segment [6] . Using the Metric Question (GQM) Meta-template, our goal can be defined in the following way: to analyse a set of multi-touch gestures for the purpose of assessing their suitability from the point of view of the usability of multi-touch technologies in the context of the elderly people (Fig. 1) . Gender and the group age were the two main variables considered independent. Execution time and success rate were the two dependent variables for each task (Tap, Double tap, Long press, Drag, Scale up, Scale down, One-finger rotation). Consequently, the hypotheses to be tested statistically, as defined for each task performed (type of gesture), were formulated as follows: H1, completion time of task k is not affected by gender; H2, completion time of task k is not affected by age group; H3, the degree of success for task k is independent of gender; H4, the degree of success for task k is independent of age group; H5, the degree of success is independent of the task.
In order to test these hypotheses, we measured the manipulation time of each gesture as well as it success, with the ultimate goal of obtaining a set of guidelines specifically focused on designing touch-enabled applications for elderly people.
Participants
The evaluation was performed with a total of 100 seniors in two different centres of the Community of Madrid, Spain. The Sagasta Centre is located in an area with a high purchasing power while the San Blas Centre is located in a low-income area. In each centre 50 seniors participated, 25 women and 25 men, making a total of 100 participants. The age varied between 61 and 92 years.
Equipment
The interaction framework for the experiment was implemented in Java using JMonkeyEngine SDK v.3.0beta. The application name is Gestures Games [7] . The device used for the experiment was a Szenio 10.1, 1 GB RAM, 32 GB tablet with Android 4.2.2 with capacitive multi-touch screens.
Procedure
For each task, the elderly were given a 5-minute learning phase with an instructor. The task were performed in a sequential order by each participant. All the participants hold the tablet in the same way. The same instructor carried out all the experiments. The experimental platform then asked them to perform the task without any assistance. They had to perform three repetitions of each gesture under specific conditions. When the gesture was completed successfully, the platform gave a positive audio-visual feedback. If the instructor saw that the participant did not carry out the task in a given time, it was marked as undone and the elderly went on to the next one. For each interaction, the system recorded the start time (seconds needed to go into action after the visual stimulus was shown), completion time, success (performed correctly or incorrectly), and the number of contacts with the surface (in order to detect unsuccessful actions or whether the user had made any attempt to interact). A qualitative analysis was also carried out from the notes taken by an external observer during the experimental sessions.
Tasks
There were 7 tasks that the elderly had to perform: Task 1: Tap. A static image of an animal appears in a random position on the screen (see Fig. 2 ). Participants are requested to tap on the target image in order to pass the test. 
Results
We have selected the following aspects to analyse: number of tasks completed, rate of task compliance (All, Sex, Age, Centre, Experience), ratio of task compliance, task completing time (All, Sex, age, Centre, Experience), and ratio of task completing times. Each participant has tried at least two of the gestures proposed in the application: 48.51 % of participants have achieved successful completion of at least two repetitions of the same task.
• Task success
The incidence of success in fulfilling tasks using different gestures according to sex and age showed no statistically significant associations. However, the gesture "one-finger rotation", in the case of analysis by centres, presented an association, as exposed by Chi-square variable test (p < 0.05). Previous experience in the use of smartphones marked differences in the incidence of performance in the tasks "tap", "double tap", "long press" and "drag" (p < 0.05). (See Table 1 ).
• Inter-gesture correlations in task success They were found moderate-low correlations between the success in the "tap" task and success in the "double tap" and "one-finger rotation".
The correct accomplishment of the "double tap" has a strong correlation with the "long press" task. Furthermore, the "long press" task has a moderate-low correlation with "drag" and with "scale-up" tasks. Success in the "Drag" task is positively correlated with "scale-up", "scale-down" and "one-finger rotation". In addition, "scale-up" and "scale-down" tasks are correlated with each other. Finally, "scale-up" and "scale-down" are strongly correlated with the success in the "one-finger rotation" task (see Table 2 ). 
• Task completing time
The tasks with a longer average completion time corresponds to the gesture of "one-finger rotation" with a value of 5.42 s (SD = 4.16 s), followed by the activity of "drag" with an average value of 4, 96 s (SD = 2.88). The activity with a shorter completion time was the activity of "two taps", although this action had also the lower incidence of success.
The activities that showed highest variances were "tap" and "scale-down" (see Table 3 ). • Task completing time correlations with Gender, Age Centre and previous touch screen experience.
The time of completion of the tasks showed significant differences between men and women in the gestures "tap", "long press" and "drag" (p < 0.05). In terms of age, significant differences were found between the group of people over 71 years and the group of people under 71 years of age in the gesture "tap". The previous experience with the use of smartphones showed a significant difference in the gesture of "scale down" (see Table 4 ). The women showed an average completion time greater than that of men in the gestures related to "long press" and "drag", with averages of 3894.5 ms (SD = 2224.2 ms), and 5299.9 ms (DE = 2589.9 ms) respectively, compared to 2694.5 ms (DE = 1067.7 ms) showed by men for the "long press" and 4688.0 (SD = 3084,5 ms) for "drag". On the other hand the time required to complete the activity "tap" was greater for men with an average of 5221.7 ms (SD = 12174.4 ms) (See Fig. 5 ).
The group of people under 71 years showed smaller completion times with an average difference of 3426,23 ms. The behaviour for each task is shown in Fig. 6 .
The behaviour of the time taken for the completion of tasks, depending on the centre or depending on the previous experience of the elderly, are shown in Figs. 7 and 8. • Inter-gesture correlation in task completing times
The time taken to complete the task "tap" is slightly correlated with the time spent performing "double tap" and "drag". The time taken to complete the task "double tap" has a moderate-low correlation with the "long press" and "scale up". In addition "Long press" is positively correlated with "drag". The time spent in the action "drag" has a moderate-low correlation with "scale up", "scale down" and "one-finger rotation". Scale up and "scale down" are moderately correlated (see Table 5 ). After this work we are able to answer the fundamental question "Are elderly people ready for multi-touch technology?" The answer is definitely affirmative, provided certain issues are dealt with. About the question "What multi-touch gestures are the people between 61 and 92 years of age able to use?" we found that they are capable of performing all gestures. We showed that not all the tasks are equally feasible but elderly people are able to execute with different levels of complexity. Current applications for elderly people might be missing the opportunity to provide richer gestures within elderly people abilities, and could be using a gesture that is notoriously difficult for them (e.g., double tap, tap, long pressed). The special elderly people skills that we found in this test, was that elderly people can perform easily scale down (99 % success) and scale up (98 % success) gestures. Consequently, interaction designers have an opportunity to broaden the scope of their interfaces when creating future applications using these especial abilities. The quantitative results also show that there are still challenging gestures for elderly people (double tap, tap, long pressed) with relative's low success rates ranging. These gestures have to be discussed in the context of the interaction aids or design guidelines that application designers should take into account if these touch interactions are included in future applications. Designers would be improve the way to execute these gestures in to do easily to use or execute these tasks for this special segment of population. For example, increasing the time between the first tap and the second (for the double tap gesture), so that they have time to react and this fit their actual motor abilities.
In addition to the automatic data logging that was performed to measure completion times and degree of success, an external observer gathered valuable information regarding the behaviour of elderly people during the experiments. These observations revealed different problems that will now be described.
The task was more difficult for them was the double tap, as it is well known that motor skills at their age can be somewhat severed, and possibly are not flexible enough to perform two taps in a short time interval. The task they preferred, according to the data collected and the final questionnaire, was to scale up and scale down, possibly because in this task they can use both hands on the tablet and this gives them security and firmness.
Based on this research, future work have be done in the following areas:
• Incorporating smart elements on mobile applications what can react with tutorials or modify the appearance of the application. This would allow the application to be used by different types of users, including the elderly.
• Expanding the scope of the study to other domains or types of applications and for other types of devices.
• Applying artificial intelligence elements where the tool is able to understand and learn the user behaviour in order to formulate the criteria for improvement.
• Incorporation of audio-visual tools into the assessment tool to better enable user interaction.
